Abstract-Strip-line right-angle bend is a key component forMIC. It has been demonstrated that right-angle bend with proper cut can improve the frequency characteristics of no-cut right-angle bend. However their characteristics are deteriorated with frequency, which can be improved again by double-mitered structure. In this paper how to analyze the double-mitered right-angle bend is explained based on 2-D planar circuit model and rigorous equivalent network. The analysis demonstrates the mechanism of no reflection and guideline for design. Also effective equivalent network of 45 degree planar junction for dominant mode will work well for analysis and design of the double-mitered structure. Finally dynamic behavior of 2-D field distribution is calculated and shown, which will help to understand the operation of double-mitered bend.
I. INTRODUCTION
Stripline right-angle bend is one of the key components for MIC. Analysis by 2-D planar circuit model ['] demonstrates that frequency characteristics of right-angle bend with no cut shown in Fig. 1 (a) can be improved to realize low reflection and wider band-width by square-shaped cut shown in Fig. 1 (b) [2] and improved further by slantwise cut as shown in Fig. 1(c) [3]' [4] . However, their frequency characteristics are deteriorated with frequency and these structure can not realize low reflection at higher frequency. Double-mitered bend as shown in Fig. 1 (d) can solve this problem; reflection by first 45 degree planar junction can be cancelled by the reflection caused by second junction, resulting in no reflection at all. So far how to design the structure (determination of the length of middle strip-line connecting two mitered bends) is not clear. The reason is that performance of single mitered bend (45 degree) is roughly known [51[6, but effect of coupling between two discontinuities is not known. Hence in this paper rigorous equivalent network is introduced based on planar circuit model, and is applied to the calculation of the frequency characteristics and analysis of operation, through which effect of two discontinuities and mechanism of no-reflection at input port are investigated. The results of these analysis will give how to determine the length of strip-line for realizing no reflection at the desired frequency. Also equivalent network for single mitered bend (45 degree) is introduced and shown to be useful for not short strip-line case where higher mode coupling can be neglected. Finally, dynamic 2-D field distribution is calculated and demonstrated. Through the analysis W=W0in Fig.2(a) is assumed.
II. EQuIVALENT NETWORK BY MODE THEORY Stripline double-mitered right-angle bend shown in Fig.2(a) can be modelled to planar circuit with magnetic side wall. Then, the structure is divided into three planar waveguides and two 45 degree planar junctions. Equivalent network for planar waveguide is given by multi-transmission line as in Fig.2 1-4244-0749-4/07/$20.00 w2007 IEEE. impedance) are given in Table 1 . Foster-type equivalent network for planar junctions is also shown in Fig.2(b) , whose equivalent network parameters are derived by solving eigenmode of the corresponding 45 degree planar junction and given by Table 2 . Therefore whole equivalent network for stripline double-mitered rightangle bend is given by Fig.2(b Table 2 and field distribution (p(x,y)of lower eigenmodes up to 10th are shown in Fig.3 . Also whole equivalent network for dominant mode approximation is shown in Fig.2(d (1) is given among mode voltage/current column vector of two planar junctions based on mode impedance matrix of 45 degree planar junction, whose element is given by eq.(2). Vi =zie zii Liij 4 Moreover, the internal mode voltage and current is related by #2 planar waveguide which gives following relation through transmission line theory. (2)LJ Therefore, the effective external impedance matrix Ze is given by eq.(6).
)e [zee zei(zii + zi) zi]i = Ze i
When incident and reflected mode voltage matrix at external I/O ports in Fig.2 (c) Ae, Be are defined by eq. (7), then external mode voltage/current matrix are given by eq.(8).
A A +Be i Y=ce(A'_B)
Substituting eq. (8) From the calculated results of Fig.4 or Fig.6 (a) double-mitered right-angle bend realizes complete transmission at certain discrete frequencies and these discrete frequencies become lower with length of the connecting stripline. This result can be explained by interference cancellation between the reflection of first 45 degree planar junction and that of the second planar junction in double-mitered bend. In order to investigate operating mechanism in detail, practical situation at operation for middle stripline length of L=5.0[mm] is analyzed in the following. 5-1 The exact frequency characteristics of reflection and transmission for L=5.0[mm] case shown in Fig.6(a) Table 3 . 5-2 Incident and reflected mode amplitude including higher mode at each port (Fig.6(b) ) for unit amplitude incidence of dominant mode at #1 waveguide are calculated and shown in Fig.6(c) with mode order. TEM mode order is " 0". It turns out that incident amplitude of higher modes at each port of waveguide #2 is very small because of evanescent attenuation, but reflected amplitude of higher mode is not small because of discontinuity excitation. 5-3 No reflection and complete transmission due to interference cancellation will be proved by practical analysis at (A) and (C) shown in Fig. 6(a) . Total reflected amplitude at port 2 of #1 waveguide consists of reflection R1 by first junction and reflection R2 by second junction as shown in Fig.7(a) . R1 is estimated by frequency characteristics of single 45 degree planar junction shown in Fig.7(b) [6]. R2(a) is estimated based on Fig.6(b) where multimode coupling is taken into consideration. Estimated results of R1 and R2 are plotted in Fig.7 (c) for three frequencies (A,B,C), whose numerical value are in Table 4 including sum of R1 and R2. From these results we can see that first reflection is cancelled out by second reflection for case (A), (C) to realize no reflection because their amplitude is the same but their phase 180 degrees difference. Thus complete transmission is proved to be due to the interference cancellation. Also R2 is estimated by equivalent network for dominant mode approximation given by Fig2(d), whose result is given by eq. (10) 1-(R2exp(-j2)3L))N 2 (0 12 exp j23)T Rexp(-j2/3L) ( I -R exp (-j2pL) (0 where N is number of path through planar waveguide. R2of stationary case (N=infinity) for case (A) is calculated and shown in Fig.7(c) by R2 (b) . It is interesting that R2(a) of multimode analysis and R2 (b) of dominant mode analysis is almost the same, which is used the bend design. 5-4 Guideline for design can be given by the previous analysis, which demonstrates that equivalent network for dominant mode is useful. By the way R2 is again estimated by single path(N=l) and infinite path (N=infinity) for case (A) and plotted Fig.7(c) , which shows they are almost equal. Hence R2 is roughly estimated by single path(N=1). Then the phase difference of R1 and R2is estimated by the following equation, which can determine the stripline length for the desired center frequency.
Phase difference = 2(ZT + /BL)
VI. CONCLUSION It is well-known that double-mitered right-angle bend can realize better transmission compared with other right-angle bend structure. However how to design it is not clear because of two dimensional field problem. Rigorous equivalent network for the double-mitered right-angle bend is formulated by planar circuit model, and applied to the calculation of practical structure and analysis of operation. The analysis demonstrates that the cancellation of reflection by two discontinuities works properly. This analysis show that how to design the double-mitered right-angle bend at the desired center frequency. [GHz ,,,,,,,,,,,,,,,,,,^^^^1 ------------t 'network' t t'-S ra 
